IN searching for a suitable subject for my presidential address, I felt that it ought to deal with the ground-work of orthopaedic practice, should be in some measure an academic thesis reflecting some, at least, of my personal faith derived from over twenty years of orthopaedic work, and might, perhaps, present some of the simplest facts of common experience in a fresh light so as to stimulate thought or provoke investigation by others.
The theme I shall try to put before ypu is that
(1) Every posture of the body has a definite natural association with respiratory movement.
(2) Most, if not all, of the natural purposeful movements of the body which we use in standing, walking, running or working with our hands and arms are most easily made at a definite time in the respiratory cycle of inspiration and expiration.
(3) In patients in whom the natural use of the body as a machine has been put out of order by paralysis, injury or disease, the restoration of natural automatic movement is made much more easy if the patient be first taught to make the difficult movement in proper rhythm with respiration.
(4) Finally, a correct relation between respiration and posture materially assists the heart's action, helps to support abdominal viscera and promotes the well-being of the whole body.
The way in which I now think of movement and respiration as essentially coordinate has been arrived at by the convergence of several distinct lines of observation and thought. 9 First, more than twenty years ago, Sir Robert Jones urged me to try to bring the treatment of scoliosis into line with the tteatment of other deformities, such as club foot, knock knee, or dropped wrist, which give rise to defects of posture and movement, the essential principle of treatment being to retain the distorted limb in a corrected position, if necessary by a splint, until the coordinate reflex balance between the several groups of muscles is naturally restored, while adaptive growthchanges also help to adjust the machine. At Manchester, I showed a film to demonstrate how the essential relation between posture and respiration can be used in the treatment of scoliosis. I now show this film to demonstrate the relationship which exists between posture and respiration.
The second line of thought which has been running in my mind, also, for twenty years, was started by the work of Magnus and Sherrington in decerebrate dogs and cats. On this work the modern doctrine of the postural reflexes has been based, Magnus being, I think, the originator, and Sherrington one of its most active supporters in this country. Magnus, working first in Liverpool and subsequently in Utrecht, set himself to study reflexes in decerebrate dogs and cats. The gist of his work was that, e.g., in the dog, if one hind limb be flexed and the other paw tickled, the flexed limb reflexly extends, while, if the limb be first placed in an extended position, the reflex action is flexor. Similar results were obtained in experiments on the muscles of the cat's tail. Magnus, therefore, concluded that there was some determining factor in the posture of the muscle which was quite independent.
JAN.-ORTH. 1 302 Proceedings of the Royal Society of Medicine 2 When I read this work about 1908, the idea intrigued me in relation to spastic paralysis, for the method of attack I had learned from Robert Jones was to disarm the spastic muscle by overstretching it, or by dividing its tendon, and then to restore cordinate movement by training. Since that time others have introduced operations on peripheral nerves, posterior roots and sympathetic nerves, in order to cut the reflex cycle in spastic paralysis. Now, if Magnus' original conclusion be correct-that there is something in the posture of the muscle which decides its readiness to react to reflex stimuli-all such procedures may be mistaken in their physiological basis.
Thirdly, many of you are aware that respiratory difficulties have beset my own vile body, and I have had to learn to do my own work with economy of breath and the minimum of back-pressure on the heart. Personal experience has, therefore, been part of my school, and in recent years I have been trying to apply some of the lessons I have learned from my own body to the restoration of easy movement in others-sometimes with gratifying results.
In what follows, I wish to demonstrate that there is a clinical physiological connection between respiration and those multiple coordinate actions of muscles which we employ in every ordinary automatic nlovement, such as playing games, playing musical instruments or handling tools. Further, the study of this clinical physiology has hardly been toucbed by our profession. To give examples familiar to all of us; when you or I stoop to pick up a heavy bag, as we lift it we automatically take a breath. In-breathing seems to have a natural association with lifting. If this be true, then the reverse group of movements should be associated with out-breathing. Consider, therefore, the action of sculling a skiff. Pulling the sculls through the water means extending the lower limbs and trunk, and pulling with the upper limbs against resistance. This is comparable to weight lifting, and is an inspiratory effort. Coming forward is done in time with expiration, with open glottis.
The abdominal muscles contract to flex the trunk and drive the abdominal viscera up against the diaphragm, and help to expel air from the lungs. Those who are familiar with Goldthwait's postural exercises, or whobeard the address he gave in July, 1929, will remember that proper use of abdominal muscles to initiate expiratory movement is a fundamental part of his teaching. In rowing, the arms shoot forward at the same time as the legs relax and the trunk is flexed. Extensor or pushing movements of the upper limb should, therefore, be associated with expiration. Consider the act of driving a large screw nail into hard wood. Those of us who have done this must have frequently caught ourselves giving an expiratory grunt as we push and supinate, which suggests that forcible supination of the forearm, as well as pushing, is intimately associated with the expiratory phase in respiration; it is impossible to drive a screw hard during inspiration. To test this point, consider next a familiar movement in which the left hand grips the tool, namely: the act of driving a golf ball. The shaft of the club is gripped by the third, fourth and fifth fingers of the left hand, mainly with the fourth and fifth; the "follow through " must be done with a supination movement of the left forearm, whether in an approach shot or a full drive. I suggest that the fault of " pressing" is most often due to closing the glottis and so fixing the thorax, instead of letting the air steadily pass out during the completion of the movement. Inspiration is ordinarily associated with raising the head. "Lifting the head" is the term applied to a common fault at golf, which again I believe to be really a sudden closure of the glottis interfering with a perfect "follow through." Strokes at tennis, leading in boxing, or lunging in fencing, all have definite association with breathing, if done well.
To digress for a moment, the association of inspiration with gripping and pronation, and of expiration with supination and with extending the fingers, has been tried out with encouraging results in re-educating hand movements in cases of spastic diplegia. The patient must, of course, first be taught to breathe easily and regularly, and this is often the more difficult half of the battle.
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About two years ago, one of my gymnasts pointed out that she could discover no association between breathing and movements of the thumb. In monkeys, of course, the hand is an organ of progression in arboreal life; the spider monkeys have no thumb, and swing along very skilfully without. Man being a completely erect animal, has emancipated his band from taking part in ordinary progression, but has retained some of its postural associations in connection with pulling, climbing trees, getting on to 'buses, and so forth, and also conversely with pushing. For the rest, the hand has been set free to acquire a host of new automatic reflexes, such as writing, stenography from dictation, playing musical instruments or games in which automatic reflexes follow afferent impulses from ear or eye, and are quite dissociated from any respiratory association as they usually are not performed against the force of gravity or other resisting force. If it be true that the thumb is emancipated more than the rest of the limb from association with more primitive reflexes, it may be one more point in the evidence that the possession of a thumb is a factor in the assumed superiority of man in the animal kingdom.
The ideas I have just put before you came to me through working back over ground which I have covered in trying to treat scoliosis. We can and do use the limbs in two entirely distinct ways. For example, if I sit on a table and swing my legs to and fro, I am, doubtless, using the flexor and extensor muscles of my knees, but such movement has no relation with the purposeful or weight-carrying function of muscle. Such movements never have been-and never will be-used for the purpose of driving a machine. On the other hand, driving the treadle of a turning lathe, or the pedals of a bicycle comes into relation with the ordinary static or walking function of muscles, is associated with our ordinary postural reflex mechanism and can be carried on easily without conscious effort, and therefore without fatigue.
In this connection the usual anatomical description of the origins and insertions of muscles, and of their actions, cannot satisfy the orthopedic surgeon. The anatomist describes the body as he sees it lying on a slab; to him the lower limb is an appendage of the trunk. The orthopaedic surgeon's view of the body is biological, not necrological; to him the body stands vivid and erect on the feet. The lower limbs are not appendages of the trunk, they are the living pillars on which the whole body is carried and balanced. Man lives and moves on his feet; the muscles which control his balance work from below upwards. At any rate with regard to the lower limb, most of the accepted descriptions of origins and insertions are upside-down, and the action of the muscle usually described is topsy-turvy with regard to the manner in which the muscles normally act in maintaining posture and in locomotion. The tendo Achillis must be regarded as the common tendon of origin of the soleus, which helps to balance the tibia on the ankle-joint, and of the gastrocnemius which prolongs a similar action to above the knee. The ligamentum patellae is the commoln origin of the two vasti and the crureus muscles, which control the knee, and the rectus femoris, which posturally is a flexor of the hip-joint serving mainly to balance the pelvis. I think this last statement is correct, for I injured this muscle in my own thigh, and then discovered that lying on a table I could fully extend the knee without pain, but could not bend forward to field a ball, or perform any active flexion of the hip without pain. I therefore believe that this muscle in its postural function is mainly a flexor of the hip, and only indirectly an extensor of the knee; observations by others are, however, required to check such a suggestion. One other muscle must be mentioned in this connection, namely, the tranversalis abdominis, which forms a continuous sheet with the triangularis sterni muscle above. In textbooks of anatomy the triangularis sterni is correctly described as rising from the back of the sternum and being inserted into the ribs as high as the second. The transversalis abdominis is described the wrong way round, it should be described as rising from the crest of the pubis and the linea alba, and being inserted into the inner lip of the crest of the ileum into the lumbar vertebrae, by the 304 Proceedings of the Royal Society of Medicine 4 several layers of the lumbar aponeurosis, and into the six lower ribs in a manner similar to the insertion of the triangularis sterni, which is the upper part of this great muscle of expiration. This muscle helps to support the thorax on the pelvis;
it is the muscle which should initiate the act of expiration; its lower fibres support the abdominal viscera against the under surface of the diaphragm, while its upper portion pulls down the ribs, narrows the outlet of the thorax, and allows the dome of the relaxing diaphragm to rise still further against the collapsing lungs. Of course, in actual practice the other muscles of the abdominal wall are associated with the transversalis abdominis. All these muscles actively participate in both the static and respiratory parts of our postural reflexes. Further, muscles of the thighs and legs must act synergically to steady the pelvis while the abdominal muscles do this work. The trans-versalis muscle, with its associates, is the muscle by which the singer gets that first clear prompt note, technically known as the attack; the boxer and the rowing man both use it: in boxing all punching forward, with the trunk moving forward, is done in expiration, if done well. The regular rhythmic action of this muscle with associated action of the pelvic floor assists the return of the blood from pelvis and abdomen, and its use should have its due place in the treatment of backaches, especially those associated with pelvic congestions in women. Talking, reading, writing, even our manners, become automatic reflex actionis by constant practice; but I think it is only those group actions of the muscles which are associated with physical effort which have acquired a definite association with respiration, perhaps because a correct rhythm assists the return of blood by the venae cavae and is economical of cardiac effort.
It must be admitted that there are exceptions to automatic learning even o ordinary movements. The deaf mute does not learn to talk, because there is a flaw in the reflex nervous cycle, but he can be taught by lip reading. The child with a congenital spastic paralysis may not learn to walk, but if he can be brought into an erect posture with the soles of his feet to the ground, he may be able to acquire balance reflexes and to learn to walk, although his reaction times remain slow.
All athletic training is really training of nerve reflexes, inhibition being more important than contraction of muscle, for it quickens the reaction time and makes for alertness and delicacy of coordination. The theme I have put forward is that there is a natural reflex association between respiratory rhythm and the coordinate group actions of muscles, which we employ in the ordinary actions of life, and that these reflex associations might well be utilized in efforts to re-educate defective function.
Results obtained so far, and the support from gymnasts and after-care sisters who have helped me to try out these ideas, are encouraging. The ground has not been fully explored, and I am prepared to find that any or all of my suggestions are open to correction. I hasten to put them forward, even in an immature form, in order that others in our profession interested in this work may discover what degree of usefulness they may possess.
The ideas I have been putting forward have been arrived at by working backwards over ground I have traversed in the last twenty years in the treatment of scoliosis.
[The remainder of the address took the form of a running commentary on lantern slides and moving pictures, which showed how varying posture and respiratory movement reacted on each other in scoliosis. The film was prepared to demonstrate the principles of treatment of scoliosis. As it is impossible to put in print a description of the ripple of associated muscles which can be seen in a moving picture, all that can be done here is to recapitulate briefly the points demonstrated by the writer.
First, scoliosis is not merely a deformity of the vertebral column. It is an asymmetrical twisted deformity of the whole trunk, involving asymmetrical distribution of weight on the feet, which involves asymmetrical action of balance muscles, and of respiratory muscles. Thus a patient with primary defect of the 5 Section of Orthopa3dies 305 trunk, say congenital absence of ribs on one side, destructive disease of bone, or thickened rigid pleura after an empyema, is sure to breathe asymmetrically and also to stand asymmetrically. Conversely the child who, for any reason, stands habitually on one foot more than the other, will also expand the chest more on one side than the other, which may lead to adaptive changes in growth. Thus a school child may acquire a scoliosis from a transitory pleuro-pneumonia or a temporary injury to a foot, for the one induces unequal breathing and the other an unequal stance. In order to treat scoliosis by splinting, it is necessary to discover first what the really essential deformities are, and secondly, how to apply splints so as to prevent increase of deformity and at the same time encourage free movement in the direction of correction in accordance with Sir Robert Jones's principles.
Taking for purposes of explanation what may be called a simple ordinary type of scoliosis, say with a curve convex and rotated to the right in the dorsal region, and convex and rotated to the left in the lumbar region. The writer now recognizes three essential factors in such cases. Any jacket or splint used to correct scoliosis must deal properly with each of these. (1) A scoliotic thorax expands during respiration on the humps, i.e., in our sample case the right side behind and the left side in front, while the flattened parts of the chest right-front and left-back hardly move. This was fully described by Michael Hoke in 1904, with the further pregnant observation that compression of the bulges immediately caused the movements of the flattened parts to increase. Hoke, therefore, applied plaster jackets to compress the long diagonal of the thorax, leaving windows for the flattened parts of the chest to expand. (2) In order voluntarily to breathe asymmetrically in this way it is necessary to stand unequally on the feet. The jacket must, therefore, push the patient's centre of gravity off the foot on which he usually stands most, on to the other foot. Thus reversing the stance, and with it the associated respiratory movement. (3) Full flexion of the lumbar part of the vertebral column: the writer was groping for this when Abbott, in 1911, published his first paper on flexed jackets with breathing windows. Up to 1911-12 the writer was trying to twist and correct scoliotics with the patient face down-a position which puts the back into one long lordosis. With the patient on the back a total kyphosis is easily obtained. This is essential to success, for as long ago as 1854 William Adams remarked that the lumbar part of the deformity of scoliosis is really an asymmetrical lordosis.
Those who are curious to follow this line of thought may consider an ordinary case of round hollow back in a child (kypho-scoliosis). This deformity is typical of the child who is out of condition and lacking in energy. The usuial posture is (1) The toes turned out and the scaphoids dropped too near the ground (the position of pronated or " flat " foot).
(2) Slack knees or slightly knocked knees.
(3) Pelvis tilted forwards, i.e., hips flexed. The abdominal muscles are, therefore, relaxed and the abdominal viscera dropped. (4) The lumbar part of the vertebral column is in lordosis. (5) The dorsal part is in a compensatory kyphosis. (6) The child may also be a mouth breather. In this atonic slack position the diaphragm is practically useless, respiration is carried on by the round back, and most of the expansion of the ribs is posterior. Now if such a child, instead of standing equally on the two feet, stands more on one foot than on the other, the kypho-lordosis becomes twisted, and we call the deformity " scoliosis." If the child stands more on the right foot, the pelvis instead of tilting straight forward, tilts forward and to the left, so that a slouching lumbar lordosis increases the left lumbar deviation, as pointed out by Adams. The dorsal kyphos must of course go to the right to maintain balance.
[The series of pictures appended' illustrate the results obtained as the writer gradually grasped the interdependence of the various elements of deformity, and learned to correct them by jackets and by breathing exercises, which associated posture with breathing. The moving pictures showed such patients in actual motion illustrating the interdependence of posture and respiration.]
1 From " The Robert Jones Birthday Volume," Oxford Urniversity Press, 1928.
